The objective of this research was to further characterize the promoter regions of the bovine and porcine fatty acid-binding protein 4 (FABP4) genes relative to those of other mammals. The DNA sequences of FABP4 promoters for the human, mouse, cow, pig, and dog were obtained from the genomic database of the National Center for Biotechnology Information and also from the sequencing of bovine and porcine genomic DNA clones obtained by 5′ PCR racing of genomic DNA. Sequence alignments of these FABP4 promoters using the basic local alignment search tool of the National Center for Biotechnology Information revealed 3 highly conserved promoter regions across the species. Two computational bioinformatics databases and the literature identified the conserved transcription factorbinding sites for C/EBP, adapter primer-1, and boxes of CAAT and TATA in the first conserved proximal promoter region, a direct repeat 1-type PPAR responsive element in the second distal conserved region, and another PPAR responsive element in the third distal conserved promoter region of FABP4 in all 5 mammals. Five new short interspersed repetitive elements (SINE) in the bovine FABP4 promoter and 2 new SINE in the porcine were found, but these SINE did not disrupt the 3 conserved regions, indicating that important regulatory elements are maintained regardless of evolutionary pressure. In conclusion, the conserved cis-acting elements, especially the 2 key adipocyte transcription factors C/EBP and PPAR, may contribute greatly to adipogenic regulation and adipose tissue-specific expression of FABP4 in these mammals. This helps to further characterize and decipher important cis-acting elements that are important for adipocyte development in adipose and muscle tissue.
INTRODUCTION
Fatty acid-binding protein 4 (FABP4) belongs to a family of 9 currently identified as cytoplasmic fatty acid-binding proteins. The role of FABP4 in fatty acid trafficking has been identified in animal fat tissues by showing involvement of FABP4 in efflux and influx of fatty acids in the adipocyte in response to anabolic and catabolic conditions, respectively (Bernlohr et al., 1984; Armstrong et al., 1990; Shen et al., 1999; Hertzel et al., 2006; Vural et al., 2008) . Recent studies on the linkage analysis of fatness traits for FABP4 loci in the pig and cow have suggested an association between animal marbling and FABP4, suggesting that the FABP4 gene is a strong candidate gene for marbling among adipose-specific genes (Estellé et al., 2006; Wibowo et al., 2008) . Understanding the regulatory role of FABP4 in lipid metabolism and regulation of FABP4 gene expression in domestic animals may contribute to improving product efficiency and quality, such as fattening or marbling.
Tissue-specific promoters generally contain cis-acting elements, where tissue-specific transcription factors bind and regulate the tissue-specific expression of genes. There has previously been interest in finding fat-specific regulatory regions in both the human and mouse FABP4 promoter (Ross et al., 1990; Rival et al., 2004) . The −5.4 kb of the FABP4 5′-flanking promoter is essential and sufficient to direct the adiposespecific expression of transgenes in mice (Ross et al., 1990; Graves et al., 1992) and to regulate differentiation-dependent gene expression in vitro (Christy et al., 1989; Tontonoz et al., 1994b) . Furthermore, PPARγ2, a member of the PPAR family at 5.4 kb upstream of the promoter, has an important role in regulating the differentiation-or adipose tissue-specific expression of the FABP4 gene (Graves et al., 1991 (Graves et al., , 1992 Tontonoz et al., 1994b) . However, the bovine and porcine FABP promoters have not yet been studied. Therefore, the aims of the current study were to clone, sequence, and align the FABP4 promoter regions among mammals. In addition, the major conserved regions were identified, and the transcription-binding protein elements in these regions were further related to the regulation of FABP4 expression in these animals.
MATERIALS AND METHODS
Animal care and use procedures were approved by The Ohio State University Institutional Animal Care and Use Committee.
Genomic DNA Isolation
Porcine (Landrace; n = 1) and bovine (Angus; n = 1) genomic DNA was isolated from blood buffy coats. The white blood cell layers were harvested and digested with buffer containing 0.1 M MgCl 2 , 0.02 M EDTA, 0.5% SDS, 0.01 M Tris, pH 8.0, and 0.1 mg/mL of protease K at 55°C overnight. The digested cells were centrifuged at 13,200 × g for 10 min at room temperature. The DNA from the supernatant was purified by double phenol-chloroform extractions and ethanol precipitation. The genomic DNA was dissolved in Tris-EDTA buffer. The amount of genomic DNA was quantified by spectrophotometric analysis, and the quality of genomic DNA was checked for high molecular weight by 0.7% agarose gel electrophoresis.
Genomic DNA Libraries
To obtain the unknown sequences of the pig and bovine FABP4 promoter by 5′ PCR racing of genomic DNA, a Universal GenomeWalker kit (Clontech Laboratory Inc., Mountain View, CA) was used, with methods described previously (Siebert et al., 1995) . To generate pig and bovine genomic DNA libraries containing a known sequence of adapter, 2.5 µg of genomic DNA was digested with 1 of 4 blunt-end restriction enzymes, namely, DraI, EcoRV, PvuII, or StuI. After purification of the digested genomic DNA, each digested genomic DNA was ligated with 48 bp of adapter to provide the sequence for the forward primer of PCR amplification for the gene of interest.
PCR Amplification, Cloning, and Sequencing
Five nanograms of each genomic DNA library containing adapter was used as a template for PCR amplification of the pig and bovine FABP4 promoters. The sense adapter primers 1 and 2 were provided from a commercial kit (Clontech Laboratory), and the genespecific antisense primers for the porcine and bovine FABP4 promoters are listed in Table 1 . The conditions for long-distance PCR in an MJ Research Thermocycler (MJ Research Inc., South San Francisco, CA) were as follows: denaturation for 15 s at 94°C, and annealing and elongation for 5 min at 68°C with 40 cycles. The primary PCR products from each library were separated in 0.8% agarose gels to visualize the bands. To confirm amplification of the primary PCR products from the specific genomic DNA, 1 µL of primary PCR product was used as the template for a nested PCR reaction using the adapter primer 2 and gene-specific primer 2. The conditions for the nested PCR were as follows: denaturation for 15 s at 94°C, and annealing and elongation for 3 min at 66°C with 30 cycles. The resulting secondary PCR products were separated on 0.8% agarose gels. The specific bands with the expected sizes were excised from the gel, and the DNA fragments in the gels were purified using a gel extraction kit (Qiagen, Valencia, CA). The purified PCR products were cloned into a pCR 2.1 vector by using a TOPO-TA cloning kit (Invitrogen, Carlsbad, CA). For the long PCR product cloned into the pCR 2.1 vector, the PCR products were subcloned into a pBluscript vector (Invitrogen) and sequenced at the Sequencing Core Facility in the Comprehensive Cancer Center at The Ohio State University.
Bioinformatics and Sequence Analysis
Bioinformatics and sequence analysis of mammal FABP4 promoters were performed as described previously (Deiuliis et al., 2008; Shin et al., 2008; Lee et al., 2009) . A sequence scanner (version 1.0) was used to generate a chromatogram of cloned bovine and porcine FABP4 sequences 519 bp (FJ884068) , and approximately −1 to −4,748 bp (FJ884069), individually] by using an Applied Biosystems (Foster City, CA) genetic analyzer instrument. In addition, long distal promoter sequences of FABP4 in the mouse (approximately −1 to −5,545; NT 078380), human (approximately −1 to −9,600; NT 008183), dog (approximately −1 to −13,494; NW 876284), cow (approximately −1 to −1,188 and −4,520 to −10,730; NW 001493222), and pig (approximately −4,749 to −9,582; NW 001886208) were obtained from the 5′-upstream region of individual mammal FABP4 shown in the genome database at the National Center for Biotechnology Information (NCBI). Homology analysis was performed using align 2 sequences in the basic local alignment search tool (BLAST) at NCBI (Tatusova and Madden, 1999) . The parameters for the Nucleotide BLAST program were described as follows: reward for a match (1); penalty for a mismatch (−2); penalties for open gap (5) and extension gap (2); gap × dropoff 50 expect 10.0 ward size 11 filter. Next, align-ment and comparison of the promoter sequences among the 5 mammals were carried out using the NCBI ClustalX (version 2.0) and GeneDoc software (version 2.7). To predict putative elements of transcription-binding factors on FABP4 promoters, 2 databases from TF-SEARCH software (Searching Transcription Factor Binding Sites, version 1.3; http://www.cbrc.jp/research/db/TFSEARCH.html) and from TRANSFAC software (version 6.0) of the Transcription Element Search System (TESS; http://www.cbil.upenn.edu/cgibin/tess/tess) were used.
Western Blot
Western blot analysis was performed as described previously (Li et al., 2009) . Briefly, tissue protein samples (white adipose, heart, muscle, spleen, lung, liver, and kidney) were isolated from the mouse (FVB; n = 4; 70 d old), cow (Angus; n = 4; 450 to 600 kg), and pig (Landrace; n = 4; 100 to 120 kg). Frozen tissue samples were lysed in 60 mM Tris-HCl (pH 6.8), 1% SDS, and 1:100 dilution of proteinase inhibitor cocktail (Sigma, St. Louis, MO). The protein lysates were centrifuged at 12,000 × g for 3 min at 4°C. Equal amounts of each protein lysate were mixed with Laemmli buffer (Bio-Rad, Hercules, CA) and boiled for 2 min at 95°C before a discontinuous SDS-PAGE was used. After electrophoresis, the proteins were transferred to polyvinylidene fluoride membranes (Amersham Biosciences, Piscataway, NJ), and the membranes were incubated in blocking buffer [150 mM NaCl, 10 mM Tris-HCl, pH 8.0, and 0.05% Tween 20 (TBST) with 5% nonfat dry milk]. The membranes were probed with a goat antibody against FABP4 (R&D systems, Minneapolis, MN) and β-actin (Cell Signaling Technology, Danvers, MA) at 1:2,000, and with a mouse antibody against α-tublin at 1:3,000 (The Developmental Studies Hybridoma Bank, Iowa City, IA) in TBST with 5% nonfat dry milk overnight at 4°C. Membranes were washed 6 times with TBST and incubated for 1 h with horseradish peroxidase-conjugated donkey anti-goat at 1:3,000 (Bio-Rad) and horseradish peroxidase-conjugated goat anti-mouse at 1:5,000 (Cell Signaling Technology). After washing 5 times in TBST, the proteins were detected with an enhanced chemiluminescence system (ECL Plus, GE Healthcare Life Sciences, Piscataway, NJ) and visualized on Hyperfilm (GE Healthcare Life Sciences).
Total RNA Isolation and Quantitative Real Time-PCR
Adipose tissue, heart, muscle, spleen, lung, liver, and kidney of the mouse (FVB; n = 4), cow (Angus; n = 4), and pig (Landrace; n = 4) were harvested after slaughter of animals at The Ohio State University Meat Science Laboratory, located in the Department of Animal Sciences Building (Columbus). Tissues were immediately snap-frozen in liquid nitrogen and homogenized using a Table 1 . Primer sequences used for 5′ PCR racing of genomic DNA and quantitative real-time PCR to amplify sequences of bovine and porcine fatty acid-binding protein 4 (FABP4) promoters Tissuemiser homogenizer (Fisher Scientific, Pittsburgh, PA). Total RNA isolation and quantitative real time-PCR (qRT-PCR) were performed as described previously . Total RNA from the tissue was isolated using Trizol (Invitrogen) following the instructions of the manufacturer, and RNA quality was assessed by electrophoresis (1% agarose gel). Reverse transcription-PCR was performed using 1 µg of total RNA and Moloney murine leukemia virus reverse transcriptase (Invitrogen). Reverse transcription conditions for cDNA amplification were 65°C for 5 min, 37°C for 52 min, and 70°C for 15 min. The primer sequences used for qRT-PCR are shown in Table 1 . Quantitative real time-PCR using murine, porcine, and bovine PPARγ-forward and PPARγ-reverse primer sets was performed to measure the relative levels of PPARγ gene expression in various tissues. The murine, porcine, and bovine cyclophilin genes served as housekeeping genes. All primers for qRT-PCR that span the genomic introns for qRT-PCR could avoid amplification of contaminated genomic DNA during the PCR reactions. Quantitative real time-PCR was performed using AmpliTaq Gold polymerase (Applied Biosystems), and SYBR Green was used as the detection dye. Conditions for qRT-PCR were 95°C for 10 min and 40 cycles of 94°C for 15 s, 60°C for 40 s, 72°C for 30 s, and 82°C for 32 s. Quantitative real-time PCR was performed in duplicate on 25-µL reactions using an ABI 7300 real-time PCR instrument (Applied Biosystems). The relative level of target gene expression, as determined by ABI software (Applied Biosystems), was calculated using the comparative 2 −∆∆Ct method for relative quantification (Livak and Schmittgen, 2001 ).
Statistical Analysis
Results are presented as means ± SEM. Comparisons of PPARγ messenger RNA (mRNA) expression among various tissues of the mouse, cow, and pig were performed by one-way ANOVA, followed by the Tukey test at P ≤ 0.05. All statistical analyses were performed with Minitab software (version 15.0; Minitab Inc., State College, PA).
RESULTS AND DISCUSSION
In general, the lipids in adipocytes originate from either dietary fat or de novo synthesis of fatty acids in adipose and liver, depending on the species. The hydrophobic fatty acids inside adipocytes are chaperoned by FABP4 (Coe and Bernlohr, 1998) . Adipose tissuespecific gene expression of FABP4 was demonstrated in mammalian species (Lee et al., 2003; Stejskal and Karpisek, 2006; Li et al., 2007; Soliman et al., 2007) . However, the tissue-specific expression of porcine and bovine FABP4 at the protein level has not been reported. In the current study, Western blot analysis of FABP4 in adipose, heart, muscle, spleen, lung, liver, and kidney tissue showed the predominant expression of FABP4 protein in adipose tissue of the mouse, cow, and pig (Figure 1 ). These results led us to perform a comparative analysis of FABP4 promoters to identify conserved regulatory elements in the promoters regulating expression of FABP4 in these species. Generally, the highly conserved nucleotide sequences in promoter regions are more likely to be functionally important to regulate transcription of a gene in a similar manner in different species (Dieterich et al., 2005) .
Expression of the FABP4 gene is extremely low in preadipocytes but is dramatically induced in adipocytes during differentiation in the mouse and pig (Chmurzyńska, 2006; Li et al., 2007 Li et al., , 2009 Deiuliis et al., 2008) , and is referred to as being "adipocyte specific." In addition, FABP4 mRNA is expressed exclusively in the adipose tissues of most mammalian species, including the human, rat, mouse, and pig (Bernlohr et al., 1985; Stejskal and Karpisek, 2006; Li et al., 2007) , and is referred to as being "adipose tissue specific." For these reasons, the FABP4 gene has been widely used as an adipose and adipocyte marker gene in studies on obesity and adipocyte development in humans, mice, and food animals (Chavey et al., 2006; Li et al., 2007 Li et al., , 2009 .
For the present comparative analysis, the FABP4 promoter sequences for the human, mouse, cow, pig, and dog available from NCBI were downloaded. However, the relatively large sequences for bovine and porcine FABP4 promoters comparable with the −5.4 kb of the mouse FABP4 promoter were not available in the NCBI genome database. Therefore, 5′ PCR racing of genomic DNA for the cow and pig was performed and several clones were obtained, covering the nucleotide sequences (total of 3,331 bp, located at −4,519 to −1,189 bp) of the bovine 5′-flanking FABP4 promoter and sequences (total of 4,748 bp, located at −4,748 to −1 bp) of the porcine FABP4 promoter (Figure 2A ). These sequences were reported in GenBank [bovine (FJ884068) and porcine (FJ884069)]. Recently, the NCBI was updated to include the sequences for bovine and porcine FABP4 promoters. The promoter sequences we obtained by 5′ racing of genomic DNA are almost identical to the sequences reported by the NCBI (Figure 2 ). In addition, our promoter sequences were able to fill the 100-bp gap of missing nucleotide sequences (NNNN…..NNNN) in porcine FABP4 promoter regions at −830 to −731 and the 355-bp gap of missing sequences in bovine FABP4 promoter regions at −1,730 to −1,376 that were reported in GenBank [bovine (FJ884068) and porcine (FJ884069)]. As shown in Figure 3 , the sequences of FABP4 promoters for the 5 mammalian species were available for alignment by using BLAST at NCBI.
To perform the alignment of the 5 FABP4 promoter sequences and to identify highly homologous regions of the FABP4 promoter among mammalian species, sequences of mouse FABP4 promoters were chosen to compare with those of the human, bovine, pig, and dog individually because the mouse FABP4 promoter was studied previously. In addition, all possible crosscomparisons with all 5 species were made to locate evolutionarily conserved regions of the promoters. As shown in Figure 2B , nucleotide alignment of all FABP4 promoters revealed a total of 5 conserved promoter regions. Among them, the second region was specifically conserved between the mouse and cow, and the fourth region was conserved among the mouse, pig, and dog. However, the first, third, and fifth regions were conserved in all species, indicating that these conserved regions may contain important cis-regulatory elements regulating FABP4 gene expression in animals.
To find the important regulatory elements among the 5 species, 2 computational bioinformatics databases (TFSEARCH and TRANSFAC software) were used. Studies relative to FABP4 and its promoter were also widely reviewed. As shown in Figure 3 , five major transcription factor-binding elements-C/EBP, activation protein-1, fat-specific enhancer 1 (FSE1), the CAAT box, and the TATA box-were found in the first conserved region of the FABP4 promoters. Gene expression of C/EBPα is positively associated with adipocyte cell differentiation in the mouse (Christy et al., 1989) , cow (Ohsaki et al., 2007) , pig , and human (Chiche et al., 2009 ). The C/EBP are master transcription factors that not only play a regulatory role in the differentiation of preadipocytes into adipocytes (Birkenmeier et al., 1989 ), but also induce adipogenic genes, including FABP4 (MacDougald and Lane, 1995) . Mouse models with knockout of the C/EBPα gene and overexpression of the dominant negative form of C/ EBPα in adipose tissue have shown a complete loss of fat accumulation in adipose tissue, further supporting the importance of C/EBPα in adipose development (Wang et al., 1995; Moitra et al., 1998) .
In humans, an SNP was found and reported at −89 (T to C) of the FABP4 promoter region (Tuncman et al., 2006) , resulting in reduced binding activity of C/ EBPα to the element of the promoter and, consequently, reduced transcription activity from the FABP4 promoter. Interestingly, this C/EBPα binding site (CCA-AAGTTGAGAAATTT), located between 140 and 155 bp of the first conserved region, is 100% homologous in all 5 species, further supporting the importance of conservation of the C/EBPα binding site for the regulation of FABP4 expression. Indeed, a mutation in the C/ EBP binding site of the murine FABP promoter region decreased CAT reporter gene expression during preadipocyte differentiation (Herrera et al., 1989) . However, the proximal FABP4 promoter (−168 to 21 bp) containing the C/EBP binding site showed ubiquitous expression of the CAT reporter in transgenic mice (Ross et al., 1990) , indicating that the C/EBP element is not sufficient for adipose-specific expression of FABP4. In support of this, a search of GEO Profiles in the NCBI database for the human and mouse (http://www.ncbi. nlm.nih.gov/geo/; GDS181 for the human and GDS182 for the mouse) revealed that C/EBPα is expressed in many tissues, including adipose, liver, intestine, lung, and muscle tissue (Su et al., 2002) . Taken together, conservation of the C/EBP element in FABP4 promoters has an important role in the upregulation of FABP4 expression during adipocyte differentiation but contributes less to adipose tissue-specific expression of FABP4.
The putative cis-acting elements in the third conserved distal promoter region were 2 PPAR binding elements (PPRE), the C/EBP binding element, nuclear factor-conserved lympokine element 0a, heat shock factor, and pituitary-specific transcription factor 1a (Figure 4 ). Among them, it is worth focusing on and discussing the conserved PPRE sites to predict the role of FABP4 promoters for the pig, cow, and dog because 1) the PPRE is known to be an important cis-acting element of the mouse and human FABP4 for its tissuespecific expression, and 2) PPARγ promotes expression of the adipogenic genes that are involved in lipid metabolism in their adipose tissues. A meta-analysis of PPRE sites (Lemay and Hwang, 2006; Heinäniemi et al., 2007) showed a consensus sequence (AGGTCAAAGGTCA) of direct repeat 1 (DR1)-type PPRE. In the present study, the consensus sequence of the DR1-type PPRE was highly conserved in all 5 mammalian species. Compared with the mouse sequences, 83% homology was shown in the human sequences, 92% homology was shown in the cow, and 100% homology was shown in the pig and dog. Furthermore, many other adipogenic genes, such as perilipin (Shimizu et al., 2006) , fatty acid transporter proteins (Frohnert et al., 1999) , human peroxisomal fatty acyl-CoA oxidase (Varanasi et al., 1996) , lipoprotein lipase (Schoonjans et al., 1996) , phosphoenolpyruvate carboxykinase (Tontonoz et al., 1995) , acyl-CoA synthetase (Schoonjans et al., 1995) , and malic enzyme (Castelein et al., 1994) , contain the consensus sequence of DR1-type PPRE. This strongly suggests that the consensus PPRE may be one of the key elements for adipose tissue-specific expression of FABP4 in the pig, cow, and dog.
Analysis of the fifth distal conserved promoter region of FABP4 revealed several conserved cis-regulatory elements, including adipocyte regulatory element (ARE)6, ARE7, T (thymus) cell-specific factor-2α, ARE2, globin transcription factor-1, and ARE4 (Figure 5) . Among them, ARE7, a PPAR binding site, is an important cis-regulatory element for adipose tissuespecific expression of murine FABP4 (Graves et al., 1992; Tontonoz et al., 1994a,b) . Here, conservation of the ARE7 (TGAACTCTGATCC) site indicates that the PPRE sites may contribute to the adipose tissuespecific regulation of FABP4 in the human, pig, cow, and dog.
To investigate the relationship between PPARγ expression and the predominant expression of FABP4 in fat tissue, qRT-PCR for PPARγ was performed in various tissues of the mouse, cow, and pig ( Figure 6 ). As expected, the gene expression of PPARγ was significantly predominant in fat tissue of the mouse (P < 0.05) when compared with the PPARγ gene expression in other tissues. Likewise, the porcine and bovine PPARγ mRNA were abundantly expressed in white adipose tissue (P < 0.05). This suggests that porcine and bovine PPARγ may contribute to adipose tissuespecific expression of FABP4 in the pig and cow. The positive association of FABP4 expression with PPARγ expression during adipocyte differentiation in the pig (Ding et al., 1999; Samulin et al., 2008) and cow (Soliman et al., 2007) and induction of FABP4 expression by treatments with PPARγ agonists (Hausman et al., 2008) further supported the involvement of PPARγ in regulation of FABP4 expression.
In the human, mouse, pig, and cow, PPARγ is produced in 2 isoforms, PPARγ1 and PPARγ2, by alternative promoter use and alternative splicing (Tontonoz et al., 1994a,b; Elbrecht et al., 1996; Sundvold et al., 1997; Houseknecht et al., 1998) . Quantitative real time-PCR analysis for total PPARγ mRNA expression showed considerably greater PPARγ expression in the spleen and lung tissue in the pig and cow, which is in agreement with previous findings that the gene expression of PPARγ is abundant in the adipose tissue, spleen, and lung tissue of the pig and cow (Sundvold et al., 1997; Houseknecht et al., 1998) . However, PPARγ2 is selectively expressed in adipose tissue but is very low in the spleen and lung, in which PPARγ1 is a dominant form in the pig and cow (Sundvold et al., 1997; Houseknecht et al., 1998) . Studies on the functional role of the PPARγ isoforms have revealed that knockdown of both PPARγ1 and PPARγ2 expression in 3T3-L1 preadipocytes completely inhibits adipogenesis and FABP4 expression (Ren et al., 2002) , suggesting an important role of PPARγ in induction of FABP4 expression. In addition, exogenously expressed PPARγ2 in these cells restored adipogenesis, but not by PPARγ1, indicating an adipogenic capacity of PPARγ2. Furthermore, the transcription activation capacity of PPARγ1 is much less than that of PPARγ2 (Werman et al., 1997) . The adipose tissue-specific protein expression of FABP4 in the pig and cow (Figure 1 ), even though total PPARγ mRNA expression was relatively high in the spleen and lung ( Figure 6B and 6C) , may be largely due to the predominant expression of PPARγ2 in adipose tissue. Other possible explanations include 1) different modulation of chromatin structures to expose the promoter region of FABP4, 2) the cooperative regulation of the FABP4 promoter by factors binding to PPARγ, such as a coactivator (PPARγ coactivator 1 alpha, PGC-1α; Hondares et al., 2006) and a repression factor (chicken ovalbumin upstream promoter-transcription factor 1, COUP-TF1; Brodie et al., 1996; Tsai and Tsai, 1997; Brandebourg and Hu, 2005) , and 3) different levels of PPAR ligands among tissues. Previous studies using transgenic mice, expressing the CAT reporter gene under the control of different sizes of mouse FABP4 promoter, revealed that −5.4 kb of the FABP promoter, including ARE6 and ARE7 at the fifth conserved region, was sufficient for adipose tissue-specific expression of the FABP4 gene. In support of this, adipose tissue-specific expression of target genes in numerous transgenic mice models was achieved using −5.4 kb of mouse FABP promoter (Lee et al., 2003; Takasawa et al., 2008; Wang et al., 2008) . This likely indicates that murine ARE6 and ARE7 could be the main cis-acting elements regulating the predominant adipose tissue-specific expression of FABP4. In addition, the PPRE site at the third conserved region in the human increased the activity of the luciferase reporter gene by treatments of PPAR agonists such as rosiglitazone (Wurch et al., 2002; Rival et al., 2004) . This indicates that the consensus DR1-type PPRE of the human FABP4 promoter that is located in the third conserved distal area (approximately −5.2 to −5.1 kb) may play an additional role in adipose tissue-specific expression of FABP4. The positive associated expression of FABP4 with PPARγ during adipocyte differentiation in the pig (Ding et al., 1999; Li et al., 2007; Samulin et al., 2008) and cow (Soliman et al., 2007; Taniguchi et al., 2008) has been identified. In this regard, 2 conserved PPAR binding sites, the ARE6 and ARE7 elements at the fifth conserved region and the DR1-type PPRE at the third conserved region, may be important in regulating the FABP4 gene in these species, although it has not been determined which site of the PPRE is required for adipose tissue-specific expression of porcine and bovine FABP4.
Alignment of the bovine and porcine FABP4 promoters with the FABP4 promoters of other species revealed not only the conserved homologous area, but also a diverse area including possible insertion sequences in the promoter area. As shown in Figure 2C , a BLAST search of these sequences against the bovine genome database at NCBI revealed that 5 different regions, located at −2,724 to −1,666 bp (total of 1,058 bp), −4,578 to −4056 bp (521 bp), −5,807 to −5,388 bp (420 bp), −6,196 to −5,908 bp (378 bp), and −7,929 to −7,725 bp (205 bp), are found repetitively throughout the entire bovine genome. The first insertion (1,058 bp, located at −2,724 to −1,666 bp of the bovine FABP4 promoter region) was shown to distribute 3,308 BLAST hits on the query sequence in the entire bovine genome. Likewise, the second insertion was shown to distribute 14,335 BLAST hits, the third distributed 14,838 BLAST hits, the fourth was 14,968 BLAST hits, and the fifth was 11,876 BLAST hits. In the porcine FABP4 promoter, 2 new repetitive sequences were found at −1,542 to −1,314 bp (285 bp, with 2,243 BLAST hits) and −4,678 to −3,437 bp (1,242 bp, with 12,563 BLAST hits; Figure 2C ). In general, a considerable number of animal genomes contain long interspersed repetitive elements (Girardot et al., 2006 ) and short interspersed repetitive elements (SINE; DeCerbo and Carmichael, 2005) . Because SINE should have at least 10 4 to 10 5 copies per genome (Sheikh et al., 2002) , the 7 regions of repeated DNA sequences in bovine and pig FABP4 promoters can be considered as unreported new SINE. The insertion of these SINE resulted in relatively long promoters, as shown by the location of the conserved areas at the far upstream region of the bovine and porcine FABP4 promoters, compared with the mouse FABP4 promoter. Like Alu sequences in the human, these repetitive sequences may stabilize genome sequences or may inversely allow recombination of genomes for evolutionary diversity. In addition, a BLAST search of these insertion sequences against the genome databases of other species did not reveal homologous sequences, indicating that these sequences are unique to the bovine and porcine genomes. However, insertion of these SINE did not disrupt the conserved homologous sequences in the FABP4 promoters, suggesting the conservation of important cis-regulatory elements for the regulation of FABP4 expression across the animal species examined.
In the current study, we cloned porcine and bovine sequences of the FABP4 5′-flanking promoter regions, finding missing sequences shown in the BLAST genome database at NCBI. The comparative analysis of FABP4 promoters of all 5 mammals examined revealed 3 highly conserved promoter regions (first proximal, third distal, and fifth distal). Each conserved promoter region contains differentiation regulatory elements, hormone regulatory elements, and fat-specific regulatory elements. Among them, a conserved PPAR binding element such as DR1-type PPRE in the third distal promoter region of FABP4 that may govern fat-specific expression of FABP4 was found unexpectedly across the 5 mammals. In addition, ARE7, a necessary PPAR binding element for fat-specific expression of FABP4 in the mouse, was highly conserved in the fifth distal promoter region of FABP4 among the 5 species. This suggests that PPAR binding sites may also play an important role in adipose-specific expression in these species. This study provides a new bioinformatics approach for comparative analysis of promoters and to identify putative conserved transcription factor binding sites. 
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